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:LWK WKHPXOWLPHGLD WHFKQRORJ\DQG WKHUDSLGGHYHORSPHQWRIQHWZRUN WHFKQRORJ\YLGHR LQPDQ\DUHDV
KDVEHHQZLGHO\XVHG7KHVHYDVWDPRXQWVRIXQVWUXFWXUHG LQIRUPDWLRQDQGFRQWDLQVD ODUJHDPRXQWRIGDWD
RUJDQL]DWLRQH[SUHVVLRQPDQDJHPHQWTXHU\DQGUHWULHYDORIDQXUJHQWGHPDQG
)LUVWYLGHRVWUXFWXUHDQDO\VLV WKHYLGHRVHTXHQFH LVGLYLGHG LQWR WKH OHQVDQG WKH OHQV WRFKRRVH WKHNH\
IUDPHZKLFK LV WRDFKLHYHDQHIILFLHQW V\VWHPRQ WKHEDVLVRI&%95DQGNH\7KHQH[WUDFW WKH OHQV IUDPH
PRWLRQ FKDUDFWHULVWLFV DQG NH\ YLVXDO IHDWXUHV DV D UHWULHYDO PHFKDQLVP LQWR WKH YLGHR GDWDEDVH )LQDOO\
DFFRUGLQJ WR XVHU TXHULHV VXEPLWWHG LQ DFFRUGDQFH ZLWK FHUWDLQ IHDWXUHV IRU YLGHR VHDUFK VHDUFK UHVXOWV
DFFRUGLQJ WR WKHGHJUHHRIVLPLODULW\ WR WKHXVHUZKHQ WKHXVHU LVQRWVDWLVILHGZLWK WKHUHVXOWVRI WKHTXHU\
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/HQV LV WKH EDVLF XQLW RI YLGHR GDWD LW UHSUHVHQWV D VFHQH LQ WLPH DQG VSDFH RQ WKH FRQWLQXRXV DFWLRQ
RSHUDWLRQLVDFDPHUDILOPLQJWKHYLGHRLPDJHDYLGHRGDWDVWUHDPWRDQ\QXPEHURIOHQVHVIRUPHGE\
/HQVFDQVZLWFKLQWZRZD\VPXWDWLRQDQGJUDGXDO0XWDWLRQLVWKHGLUHFWVKHDUIURPDOHQVWRDQRWKHUOHQV
DQGJUDGHGDFFRUGLQJ WR WKHGLIIHUHQW YLGHRHGLWLQJ WHFKQLTXHVFDQEHGLYLGHG LQWR WKUHHNLQGV IDGH )DGH





/HQV LV WKH EDVLF XQLW RI YLGHR GDWD YLGHR SURFHVVLQJZRXOG ILUVW QHHG WR DXWRPDWLFDOO\ VSOLW WKH YLGHR





7HPSODWHPDWFKLQJ LV WKHGLIIHUHQFHEHWZHHQ WZRFRUUHVSRQGLQJSL[HOV DQGDV WKHDEVROXWHYDOXHRI WKH
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2SWLFDOIORZGHWHFWLRQ&KLDQJ&KDQJHWDO>@DOVRSURSRVHGRSWLFDOIORZGHWHFWLRQPHWKRGWKHPHWKRGLV
EDVHGRQWKHOHQVZKHQWKHOLJKWVZLWFKWKHIORZZKLOHWKHOHQVPRYHPHQWVKRXOGEHWDLORUHGWRDSDUWLFXODU
W\SH RI RSWLFDO IORZ ,W ZLOO VZLWFK ZLWK WKH JUDGLHQW WR GLVWLQJXLVK WKH PRYHPHQW RI WKH OHQV EXW WKH
FDOFXODWLRQLVFRPSOH[DQGYDULHVJUHDWO\LQWKHFDVHRIOLJKWGHWHFWLRQIDLOXUH









>@([WUDFWHG IURP WKHYLGHRVWUHDPPDFUREORFNPRWLRQYHFWRU WKHPDFUREORFNPRWLRQYHFWRU VLPLODULW\
DQGWKHLULQYHUVHO\SURSRUWLRQDOWRWKHVLPLODULW\RIIUDPHVWDNHQE\WKHVLPLODULW\RIWKHDYHUDJHPDFUREORFN
REWDLQHG>@ZLOOEHDVLPLODUGHJUHHRIHDFKIUDPHDUHQRUPDOL]HGDQGIRUPXODWKHUHVXOWLVWKHZHLJKWHG










,PSURYHG VHYHUDO $OJRULWKPV&KLDQJ&KDQJ HW DO >@ SURSRVHG D GXDOWKUHVKROG FRPSDULVRQ:KHQ WKH
WZRLQWHUIUDPHGLIIHUHQFHLQWKUHVKROGEHWZHHQGDQGGWKH\EHJDQWRWKLQNWKDWWKHSRWHQWLDOJUDGLHQWWKH
GLIIHUHQFHEHJDQWRDFFXPXODWHXQWLO WKHFXPXODWLYHDQGWKDW WKHUHLVDJUDGLHQWJUHDWHU WKDQGWLPHZKHQ
WKHLQWHUIUDPHWLPHWKDWWKHJUDGLHQWLVOHVVWKDQGHQG7KLVPHWKRGRIJUDGLHQWGHWHFWLRQKDVDJRRGHIIHFW
EXWWKHVORZPRYHPHQWRIWKHOHQVPD\VWLOOUHVXOWLQIDOVHLGHQWLILFDWLRQ
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EXW DOVR IRU WKH VHDUFK DQG EURZVH YLGHR SURYLGHV DQ RUJDQL]DWLRQDO IUDPHZRUN .H\ IUDPH H[WUDFWLRQ
SULQFLSOHLV'RQRWDEXVHUDWKHUVKRUW.H\IUDPHVHOHFWLRQPHWKRGVDUHWKHIROORZLQJFDWHJRULHV
0HWKRGVEDVHGRQWKHOHQV$IWHUDYLGHRLVGLYLGHGLQWRWKHOHQVWKHILUVWIUDPHRIHDFKVKRWRUWKHILUVW







UHPDLQLQJ IUDPHV RI WKH GLIIHUHQFH LI GLIIHUHQFH LV JUHDWHU WKDQ D WKUHVKROG WKHQ VHOHFW D NH\ IUDPH 7KLV
DSSURDFKFDQFKDQJHWKHFRQWHQWRIWKHOHQVWRVHOHFWWKHDSSURSULDWHQXPEHURINH\IUDPHVEXWWKHVHOHFWHG
IUDPH LV QRW QHFHVVDULO\ UHSUHVHQWDWLYH RI VLJQLILFDQFH EXW DOVR LQ D FDPHUDPRYHPHQW HDV\ WR VHOHFW WRR
PDQ\NH\IUDPHV
)UDPHDYHUDJLQJDQGKLVWRJUDPDYHUDJHPHWKRG >@ VWDWLVWLFV IRUDOO IUDPHVRUKLVWRJUDPDYHUDJHSL[HO
YDOXHZKLFKHYHULVFORVHVWWRWKHDYHUDJHRIWKHIUDPHDVWKHUHSUHVHQWDWLYHIUDPH
0HWKRGVEDVHGRQPRWLRQDQDO\VLV:ROI>@E\RSWLFDOIORZDQDO\VLVWRFDOFXODWHWKHOHQVRIWKHH[HUFLVH
WDNH SDUW LQ WKH H[HUFLVH WR VHOHFW WKH NH\ IUDPH DW WKH PLQLPXP LW UHIOHFWV WKH VWLOO YLGHR GDWD YLGHR E\
FDPHUD SRVLWLRQ LQ D QHZ UHVLGHQFH RU WKURXJK WKH FKDUDFWHUV VKRUW VWD\ RI D PRYHPHQW WR HPSKDVL]H WKH
LPSRUWDQFHRILWVRZQ:ROI
VDQDO\VLVRIWKLVPRWLRQEDVHGPHWKRGFDQEHVHOHFWHGDFFRUGLQJWRWKHVWUXFWXUH
RI WKH OHQVFRUUHVSRQGLQJQXPEHURINH\ IUDPHV ,I WKH ILUVW LPDJHRIPRYLQJREMHFWV IURP WKHEDFNJURXQG
UHPRYHGDQGWKHQFDOFXODWHWKHORFDWLRQRIWKHREMHFWRSWLFDOIORZFDQDFKLHYHEHWWHUUHVXOWV
6\QWKHVLVRIDOOWKHOHQVPRYHPHQWFRQYHUWHGLQWRDV\QWKHWLFVSOLFLQJIUDPHDVDNH\IUDPH
0HWKRGV%DVHGRQ&OXVWHULQJ&OXVWHUH[WUDFWLRQILUVWFODVV WRGHWHUPLQHDQ LQLWLDOKHDUW WKHQ WKHFXUUHQW
IUDPHDQGWKHGLVWDQFHIURPWKHKHDUW WRGHWHUPLQHWKHFODVVLVFODVVLILHGDVVXFKRUDVDQHZFODVVRIKHDUW






&DOFXODWH WKH VLPLODULW\EHWZHHQ WKH OHQVHV DFWXDOO\PRUHNH\ IUDPHV VHOHFW WKH DSSURSULDWH FOXVWHULQJ




WR UHIOHFW WKHFRQWHQWRI WKH IHDWXUH VSDFH WKH IHDWXUH VSDFHZLOO VHUYHDV WKHEDVLV IRUYLGHRFOXVWHULQJDQG
UHWULHYDO )HDWXUH H[WUDFWLRQ LQFOXGLQJ WKH NH\ IHDWXUHV RI WKH YLVXDO IUDPH DQG OHQV PRYHPHQW IHDWXUH
H[WUDFWLRQ
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&RORU)HDWXUH
&RORU LV WKH PRVW VLJQLILFDQW IHDWXUHV RI WKH LPDJH FRPSDUHG ZLWK RWKHU FKDUDFWHULVWLFV FRORU
FKDUDFWHULVWLFV FDOFXODWLRQ LV VLPSOH VWDEOH IRU WKH URWDWLRQ WUDQVODWLRQ VFDOH FKDQJHV DUH QRW VHQVLWLYH
VKRZLQJDVWURQJUREXVWQHVV&RORUIHDWXUHVLQFOXGHFRORUKLVWRJUDPGRPLQDQWFRORUDQGDYHUDJHOXPLQDQFH
>@2QHPDMRUDGYDQWDJHRIWKHFRORUDQGDYHUDJHEULJKWQHVVRILPDJHVLPLODULW\PDWFKLQJLVYHU\URXJKEXW
WKH\ FDQ VHUYH DV D UHWULHYDOPHWKRGRI FRDUVHOHYHO VHDUFK WKH UHVXOWV RI WKH LQYHVWLJDWLRQ UHXVHRI FRDUVH
VXEEORFNGLYLVLRQRIPDWFKLQJFRORUKLVWRJUDPIRUIXUWKHUGHWDLOHGLQYHVWLJDWLRQ7REHDEOHWRIRFXVRQODUJH






WKH XVH RI WH[WXUH LQ JUD\VFDOH VSDWLDO FRUUHODWLRQ WKH ILUVW LPDJH SL[HOV DFFRUGLQJ WR WKH GLUHFWLRQ DQG
GLVWDQFH WR FRQVWUXFW D FRRFFXUUHQFH PDWUL[ DQG WKHQ URVH IURP PHDQLQJIXO VWDWLVWLFV DV WH[WXUH IHDWXUH
UHSUHVHQWDWLRQ 7KH GLVDGYDQWDJH LV WKDW WKHVH GHPRJUDSKLF FKDUDFWHULVWLFV DQG ZDV QRW RQ WKH YLVXDO
SHUFHSWLRQRIWH[WXUHIHDWXUHVFUHDWHDPDSSLQJEHWZHHQ6RPDQ\SHRSOHPDGHWKHWH[WXUHFKDUDFWHULVWLFVRI
RWKHUPHWULFV LQFOXGLQJ7DPXUD
V WH[WXUH IHDWXUH VHWZHOOZLWK WKH FRUUHVSRQGLQJ KXPDQ YLVXDO SHUFHSWLRQ
WKHVHIHDWXUHVLQFOXGHURXJKQHVVFRQWUDVWGLUHFWLRQDOLW\OLQHOLNHGHJUHHUHJXODULW\URXJKGHJUHH2QHRIWKH
PRVWLPSRUWDQWIHDWXUHVLVWKHWH[WXUHURXJKQHVVFRQWUDVWDQGGLUHFWLRQDOLW\




6KDSH DQDO\VLV ILUVW QHHG WR XVH WKH DSSURSULDWH LPDJH VHJPHQWDWLRQ DOJRULWKP WR VHSDUDWH WKH GLIIHUHQW
REMHFWVRXWIURPLPDJHVDQGWKHQPHDVXUHDYDULHW\RIPHWKRGVWRPDWFK6KDSHRIWKHIHDWXUHUHSUHVHQWDWLRQ
RI DQ LPSRUWDQW FULWHULRQ LV D UHTXLUHPHQW IRU WUDQVODWLRQ URWDWLRQ VFDOLQJ LQYDULDQFH XVXDOO\ EDVHG RQ WKH
VKDSH RI WKDW ERXQGDU\ DQG FDQ EH GLYLGHG LQWR WZR FDWHJRULHV EDVHG RQ UHJLRQ 7KH\ DUH )RXULHU >@
GHVFULEHG DQGPRPHQW LQYDULDQWV >@ SUHVHQWDWLRQ IHDWXUHV LQ DGGLWLRQ WR QHZ UHVHDUFK GLUHFWLRQV DQG WKH
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RSWLFDOIORZDQGEORFNPDWFKLQJ7KHPHWKRGXVHVWKHPRYHPHQWRIWKHPDFUREORFNWRJHWDQLQHFRPSRQHQW
IHDWXUHYHFWRUWKHQWKLVIHDWXUHYHFWRUWRGHWHUPLQHWKHPRYHPHQWRIWKHOHQV&KLDQJ&KDQJHWDO>@ZLWKWKH






,Q WKH YLGHR VWUHDP WR H[WUDFW WKH NH\ IUDPHV DQG OHQVHV IRU IHDWXUH H[WUDFWLRQ EXW DOVR WR HVWDEOLVK WKH
FKDUDFWHULVWLFVRIYLGHREDVHG LQGH[7KURXJK WKH LQGH[ \RXFDQNH\ IUDPHEDVHG IHDWXUHVRUEDVHGRQ WKH







UHWULHYH WKH GDWDEDVH GHVFULEHG LQ D VLPLODU NH\ IUDPHV &RPPRQO\ XVHG PHWKRG LV WR TXHU\ WKH WDUJHW
FKDUDFWHULVWLFGHVFULEHGE\GLUHFWDQGE\YLVXDOTXHU\LQVWDQFHH[DPSOHTXHU\5HWULHYDOWKHXVHUFDQDOVR
VSHFLI\DSDUWLFXODUVHWRIIHDWXUHV,IWKHUHWULHYHGNH\IUDPHWKHXVHUFDQXVHWKHSOD\HUWRYLHZYLGHRFOLSV










)RU YLGHR EURZVLQJ DQG UHWULHYDO RI D FOHDU SXUSRVH LV HTXDOO\ LPSRUWDQW9LHZ WKH YLGHR QHHG WR KDYH
UHSUHVHQWDWLRQ DW WKH VHPDQWLF OHYHO VRPH VFKRODUV KDYH SURSRVHG D VFHQH WUDQVLWLRQ JUDSK 67*ZLWK WKH
FRQFHSWRIDGLUHFWHGJUDSKRIQRGHVWKDWVFHQHZKLOHWKHFRQYHUVLRQRIWKDWWLPH7KURXJKWKHVLPSOLILFDWLRQ
RI 67* WKH OHQV FDQ EH UHPRYHG LV QRW LPSRUWDQW WR JHW D FRPSDFW UHSUHVHQWDWLRQ RI YLGHR $V D VLPSOH
VHPDQWLF LQIRUPDWLRQ IURP LPDJHV REWDLQHG IURP D YHU\ GLIILFXOW VRPH DFDGHPLFV KDYH VXJJHVWHG D
FRPELQDWLRQRIYLGHRLPDJHVYRLFHDQGWH[WLQIRUPDWLRQ
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6HDUFKDQGIHHGEDFNRIYLGHR
,PSOHPHQWDWLRQ LQ WKH VHDUFK LQ DGGLWLRQ WR WKH XVHRI YLVXDO IHDWXUHV IRU LPDJH UHWULHYDOZHPXVW DOVR
FRQVWDQWO\ EDVHG RQ XVHU IHHGEDFN WR OHDUQ WR FKDQJH WKH WKUHVKROG UHVHDUFK WR DFKLHYH KXPDQFRPSXWHU
LQWHUDFWLRQXQWLOLWUHDFKHVWKHXVHU
VVHDUFKUHTXHVW




RISV\FKRORJLFDOFKDUDFWHULVWLFVRIKXPDQYLVLRQEDVHGRQ WKHVLPLODULW\PHDVXUH LQWURGXFHVDPRGHORI WKH
YLGHRIURPWKHFDPHUDYLGHRDQGRWKHUOHYHOVWRGHWHUPLQHDYDULHW\RIYLVXDODQJOHWRPHDVXUHWKHVLPLODULW\
EHWZHHQ WKH YLGHR$QG RQ WKLV EDVHG RQ WKH QXPEHU RI SDUWLFOH VL]H IURP  WKH OHQV OHYHO DQG YLGHR OHYHO
UHWULHYDO IHHGEDFNPHWKRG7KHZKROHSURFHVV LV DXWRPDWLF EDVHGRQ IHHGEDFN IURPXVHUV WKH IOH[LELOLW\ WR
RSWLPL]HWKHVHDUFKUHVXOWV
&RQFOXVLRQV




$V YLGHR FRQWHQW ULFKQHVV DQG FRPSOH[LW\ DV ZHOO DV SHRSOH
V VXEMHFWLYH HYDOXDWLRQ RI YLGHR FRQWHQW
PDNLQJ LW GLIILFXOW WR UHWULHYH WKH SHUIRUPDQFH RI WKH SURV DQG FRQV RI D XQLIRUP VWDQGDUG7KLV LV &%95
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&RPPXQLFDWLRQ̚ˈ
>@$QHZPRWLRQYHFWRUEDVHGRQWKH03(*YLGHRVWUHDPFXWGHWHFWLRQDOJRULWKP-RXUQDORI,PDJHRI
*UDSKLFV
>@<HR%-/LX%5DSLG6FHQH$QDO\VLVRQ&RPSUHVVHG9LGHR,(((7UDQV&LUFXLWVDQG6\VWHPVIRU9LGHR
7HFKQRORJ\
>@<.&KDQ&&&KDQJ,PDJHPDWFKLQJXVLQJUXQOHQJWKIHDWXUH3DWWHUQ5HFRJQLWLRQ/HWWHUV̚
ˈ
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